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the beak in young birds. Eley & Bell (1948) and Eley & Hoffman (1949) reported an inverse relationship between particle size and water intake. Wastage from the food trough was greater with large particles but much more food was recovered from the water trough on feedstuffs with fine particles, which adhere to the beak. Davis, Hill, Sloan & Briggs (1951) offered a choice of particle sizes and reported a preferential selection of the largest (2000-1410 pm). Since Smith, Carter, Brown & Douglas (1968) found considerable variation in elemental composition among different-sized fractions of ground feedstuffs, such preferences may cause bias in nutrient intake. Feeding management should prevent such an effect from being other than a short-term phenomenon.
There is little evidence of the effect of grinding on nutritive value. Fritz (1935) found that diethyl ether extract digestibilities for whole, cracked or ground maize were 0.750, 0.871 and 0.913 respectively, while the digestibilities of other components were stable. More recently Mitchell, Waldroup, Hillard & Hazen (1972) ground cooked full-fat soya beans into fine screen sizes and found that fat digestibility and nitrogen retention ranged from 0.577 to 0.900 and 0.528 to 0.617 respectively as fraction size fell from 480 to 20.
"on-heat' treatments of individual feedstufls
Nutritive value may be raised by a pretreatment with water. Thus linseed meal is markedly improved by moistening and incubating overnight at 37" (McGinnis & Polis, 1946) . Most research into water treatment has been directed at cereals, and barley has received greatest attention, probably because its low digestibility coefficients (Jakobsen, Gertov & Nielsen, 1960; Vogt & Stutz, 1971; Petersen, 1972) offer the greatest hope for improvement. Although there is convincing evidence from many laboratories that water treatment improves the nutritive value of barley to the chick the factors involved in the improvement are far from clear, particularly since the treatment is commonly combined with drying and grinding. Drying temperatures of 85-90~ are claimed to be best (Adams & Naber, 1969 (1967) showed that the husk, pericarp, germ, aleurone and endosperm fractions of barley all respond slightly to water treatment, although the improvement with unfractionated barley was greater than was accounted for by the combined effects on the anatomical parts. Increased availability of energy is an outstanding feature of water-treated barley (Leong, Jensen & McGinnis, 1962; Potter, Stutz & Matterson, 1965; Novacek & Petersen, 1967) and is attributed to breakdown of cellular carbohydrates or alteration in the structure of the intracellular starch (Fry, Allred, Jensen & McGinnis, 1958) .
Enzyme addition to poultry diets is well documented but enzyme pretreatment is rare. However, Saunders & Kohler (1972) pretreated wheat bran with cellulase (EC 3.2.1.4), which is claimed to hydrolyse the aleurone cell wall, and showed that estimates of protein digestibility in vitro rose from 0.70 to nearly 0.90.
Heat treatment of individual feedstufls
Non-legumes. Hinders & Eng (1970) reported considerable differences in the extent of gelatinization and availability of starch after cooking or micronizing different varieties of sorghum (Sorghum vulgare Pers.). These authors suggested that the structure of the starch granule and the protein matrix were the factors principally affecting the rate of starch degradation.
In the instance of maize most of the literature is aimed at the needs of the starch industry rather than of animal nutrition. In contrast, several groups have explored the growth-depressing effects of wheat-germ meal. Cave, Slinger & Summers (1968) and El-Lakany, Biely & March (1969) found an ME response of about 3 or 470 after autoclaving and Moran, Summers & Bayley (1968) reported that the high antitrypsin and haemagglutinating activities of raw wheat-germ were overcome by toasting and autoclaving.
Legumes. Osborne & Mendel (1917) recorded that certain plant protein foods were improved by heat treatment. This observation led to the recognition of a wide range of compounds which result in reduced performance (Liener, 1969) . The most intensively investigated are the inhibitors of the proteolytic enzymes, trypsin and chymotrypsin, partly because of their ubiquity and partly because of their high concentrations in the commercially important soya bean. Other factors which are known to affect detrimentally the nutritive value of a feedstuff are haemagglutinins, amylase inhibitors, tannins, gossypol, phytates, goitrogens and saponins. Most of these factors are not generally relevant to commercial poultry nutrition. As recent reviews dealing with their modes of action are available (Couch & Hooper, 1972; Liener, 1973 Liener, , 1975 ) they will not be dealt with here.
Preoccupation with attempts to correlate responses to heat treatment with levels of anti-nutritive factors has tended to obscure the effects that heat can have on protein and carbohydrate components of legumes. Structural changes induced by heat may well result in an increase in the efficiency of digestion. Kakade (1974) has argued that the improved nutritive value of many protein-containing feedstuffs after heat treatment may, at least in part, be explained by the rupture of the threedimensional structure of the protein. Much of the study of legumes has involved autoclaving as the means of heat treatment, but this treatment is not of commercial significance. Micronizing is a new technique of heating to be applied to ingredients for poultry diets. It consists of heat treatment followed by rolling, flaking and grinding. The nutritive value of field beans (Vicia faba L.) is significantly improved by micronizing. Food conversion efficiency (FCE) (g body-weight gaidg food intake), apparent protein digestibility and N retention are increased and pancreas size is reduced when chicks are fed on a diet containing micronized beans
responses of a similar order after autoclaving field beans, which may suggest that there is little special about micronizing except that it is a commercially viable process. Studies with full-fat soya beans and with whole rapeseed show that micronizing is a ready means of obtaining safe high-energy feedstuffs. Another feature of micronized products can be a low moisture content with consequent improvement in keeping quality.
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Forming of diets into pellets or crumbles is routine in many types of poultry production and the effect of pelleting on individual feedstuffs or on mixed diets has been the subject of a great deal of research (see review by Calet, 1965 (1968) found that the M E of raw peas was improved from 10.38 to 1 1 . 3 0 kJ (2-48 to 2.70 kcal)/g by pelleting, a response identical to that obtained by autoclaving. In recent work Janssen (1975) studied three wheat fractions with fibre contents of 133,94 and 36 g/kg and found that absolute ME levels were inversely proportional, and improvement in ME and digestibilities of protein or fat were directly proportional to fibre level. The responses in ME are thus likely to reflect the scope for cellular disruption by the mechanical effects of pelleting. The importance of mechanical forces is emphasized by the work of Carew & Nesheim (1962) which estimated that absorbability of oil in soya beans was raised from 0.73 to 0.78 by pelleting the beans but was improved to 0.90 by pelleting the beans in a mixed diet. The difference was attributed by the authors to the low pressures generated in pelleting the beans alone. A specific response observed by Summers, Slinger & Cisneros (1967) was the improvement in plasma inorganic P and bone ash levels in birds after pelleting a diet containing 2 5 0 g wheat bran/kg. found that lignosulphonates appeared to reduce FCE. Morrison, Waldroup, Greene & Stephenson (1968) assigned an M E value of 9.75 kJ (2.33 kcal)/g to a calcium lignosulphonate binder, but warned that loss of performance would result if used at levels above 4-50 g/kg diet. They attributed the loss to diuresis caused by the high ash content (75 g/kg) of the binder.
